Background: Exercise is a common recommendation to reduce the risk factors of metabolic syndrome, yet there are limited data on the influence of lifestyle exercise after cardiac events on metabolic syndrome factors. Objective: The purpose of this study was to determine whether lifestyle exercise improves metabolic syndrome profile in older adults after a cardiac event. Methods: Participants were from a postYcardiac-event lifestyle exercise study. Five metabolic syndrome factors were assessed: waist circumference, triglycerides, high-density lipids, glucose, and systolic and diastolic blood pressure. Objective measures of exercise were obtained from heart rate monitors over a year. Logistic regression was used to determine whether participants who engaged in the minimum recommendation of 130 hours of exercise or greater during the 12-month period improved their metabolic syndrome profile by improving at least 1 metabolic syndrome factor. Results: In the sample of 116 participants (74% men; average age, 67.5 years), 43% exercised at the recommended amount (Q130 h/y) and 28% (n = 33) improved their metabolic syndrome profile. After controlling for confounding factors of age, gender, race, diabetes, functional ability, and employment, subjects who exercised at least 130 hours a year were 3.6 times more likely to improve at least 1 metabolic syndrome factor (95% confidence interval, 1.24Y10.49). Of the 28% who improved their metabolic syndrome profile, 72% increased their high-density lipoprotein and 60.6% reduced their waist circumference and glucose. Conclusions: After a cardiac event, older patients who engage in lifestyle exercise at the recommended amount have improvement in their metabolic syndrome profile.
O lder adults who have metabolic syndrome are twice as likely to experience a cardiac event (myocardial infarction, coronary artery bypass surgery, and angioplasty) compared with older adults without metabolic syndrome. 1, 2 In addition, metabolic syndrome increases the risk of all-cause mortality among adults with cardiovascular disease. 3 Metabolic syndrome is a grouping of factors consisting of large waist circumference, reduced high-density lipids, and elevated triglycerides, blood pressure (diastolic or systolic), and fasting glucose. 4 Engaging in lifestyle exercise is especially important for primary and secondary prevention of cardiovascular disease. 5, 6 For overall cardiovascular health, the American Heart Association recommends at least 30 minutes of moderate-intensity aerobic activity within a target heart rate zone (50%Y85% of maximum heart rate by age) at least 5 days a week for a total of 2.5 hours a week. 7Y9 Similarly, the US Department of Health and Human Services recommends 150 minutes of moderate physical activity a week, and this applies to older adults with chronic conditions. 9Y12 Although recommendations for exercise for cardiovascular health are available, the extent to which lifestyle exercise after a cardiac event reduces metabolic syndrome risk factors is not known.
Lifestyle exercise is defined as planned, structured physical activity to maintain or improve physical fitness that is performed on a routine basis. 13 Exercise is purposeful and done at an intensity that is moderate to vigorous. This is in contrast to physical activity, 14 which is the daily accumulation of at least 30 minutes of selfselected activities (planned or unplanned) that are at least moderate to vigorous in intensity, or the more global concept of physical activity that consists of any bodily movement that expends energy and varies in intensity. 14 Persons engaging in lifestyle exercise determine the frequency and type of exercise to engage as opposed to exercise that is based on a supervised protocol. Participation in lifestyle exercise is posited to reduce metabolic syndrome by reduction in waist circumference and blood pressure and improvement in the glucose insulin response. 15, 16 Most studies examining the relationship between exercise after a cardiac event and metabolic syndrome have small sample sizes, use cross-sectional analysis, focus on healthier middleaged adults (average age, 45 years) 17 , or do not use objective measures of lifestyle exercise. 18, 19 The purpose of this secondary analysis was to determine whether performing the recommended amount of lifestyle exercise over a year (130 hours) predicts a reduction in at least 1 metabolic syndrome factor among older adults 12 months after a cardiac event.
Although metabolic syndrome has shown to be a risk factor of cardiovascular disease, 2, 20 studies also have shown that exercise can reduce these risks.
21Y23
Petrella et al examined metabolic factors in healthy sedentary and active adults aged 55 to 75 years and found that, at 10-year follow-up, the sedentary group had greater metabolic abnormalities (64% vs 36%) and 3 or more metabolic syndrome risk factors (35% vs 22%) as compared with the active group. 23 Villareal and colleagues conducted a randomized controlled trial of obese adults (mean age, 71 years) who received diet and exercise therapy (intervention group) or no therapy (control group) for 6 months and found that metabolic syndrome decreased by 59% in the diet and exercise therapy group and did not change in the no-therapy group. 21 There were also significant changes in metabolic syndrome factors in the intervention group as compared with the control group in waist circumference, plasma glucose, serum triglycerides, systolic blood pressure, and diastolic blood pressure. 21 In another 6-month intervention study, older adults (mean age, 63 years) were provided supervised exercise 3 days a week for 26 weeks and the control group was given the National Institute on Aging Guidelines for Exercise and the American Health Association Step I Diet. 22 The supervised exercise group participants showed significant changes in waist circumference, diastolic blood pressure, and high-density lipoprotein. 22 In studies of physical activity (a broader concept than exercise), physical activity was associated with a reduction in metabolic syndrome. Park and Larson analyzed the impact of sedentary time and physical activity in individuals with chronic obstructive pulmonary disease in the National Health and Nutrition Examination Survey aged 60 and older. 24 Although there were no significant differences in sedentary and physical activity time in participants with and without the metabolic syndrome, individuals with a greater intensity of physical activity had a lower prevalence of the metabolic syndrome. 24 The effect of lifestyle exercise (unsupervised) on metabolic syndrome has not been studied in older adults after a cardiac event. Longitudinal studies evaluating the effect of lifestyle exercise on metabolic syndrome profile in older adults after a cardiac event using objective measures of exercise are needed.
Method
This study is an analysis of data to answer a secondary question addressing the effects of lifestyle exercise on metabolic syndrome factors of cardiac patients participating in a larger lifestyle exercise trial. 25 The larger study was a randomized controlled trial of 379 older adults who had a recent cardiac event (myocardial infarction, coronary artery bypass surgery, and/or angioplasty). Potential participants for the parent study were consecutively recruited near the end of their outpatient phase II cardiac rehabilitation program and randomly assigned to receive 1 of 2 psychoeducational behavior change interventions or a usual care control group. One of the behavior change interventions used contemporary cognitive behavioral approaches such as self-efficacy enhancement, problem-solving skills, and relapse management. The other intervention used system improvement strategies (a series of small selfdesigned experiments) to change daily habits. 26 The intervention groups were aimed at sustaining lifestyle exercise after completion of cardiac rehabilitation. Both interventions consisted of a series of 5 small-group education sessions provided in three 1.5-hour sessions once a week during the last 3 weeks of the C-reactive protein and 2 sessions held at 1 and 2 months after completion of their cardiac rehabilitation program. Usual care consisted of the routine care provided at the cardiac rehabilitation program. All participants received the usual cardiac rehabilitation program-prescribed structured exercise (12 weeks of supervised exercise 3 times a week).
Inclusion criteria were (1) age of 54 years or older; (2) first myocardial infarction, coronary artery bypass surgery, and/or angioplasty; and (3) ability to read and speak English. Potential participants were excluded if they had concurrent valve surgery, neurological deficits, acute renal failure, pulmonary complications, and obvious musculoskeletal functional disability limiting the ability to engage in lifestyle exercise and displayed any of the following cardiac characteristics: (a) severe left ventricular dysfunction (ejection fraction G 30%), (b) decreased systolic blood pressure of greater than 15 mm Hg with exercise, (c) serious arrhythmias at rest or exercise induced, and (d) exercise-induced ischemia indicated by angina greater than 2 mm of ST depression on the electrocardiogram. At completion of the cardiac rehabilitation program, all participants were given an exercise prescription that contained their exercise target heart rate zone and instructions to exercise at least 30 minutes a day on at least 5 days a week (2.5 hours h/wk). Recruitment was conducted over a 2-year period (2008Y2010), and participants were followed for 1 year. Measures of metabolic syndrome factors were obtained at baseline and 1 year, and lifestyle exercise was objectively measured over the study year using wristwatch heart rate monitors.
There were 236 participants from the parent study who had incomplete blood samples, and these were not included in this secondary analysis. The 116 participants who had full data on metabolic syndrome factors at baseline (end of their cardiac rehabilitation program) and the 1-year follow-up period are included in this analysis. No difference in demographic and physical factors was found between the parent study (N = 379) and this study (N = 116), with the exception of fewer minorities (13% vs 7%). The original study protocol was approved by the institutional review board for human subjects' protection at the University Hospitals of Cleveland, and all subjects gave written informed consent for participation. The aims of the analyses herein are within the aims of the larger study.
Measures

Metabolic Syndrome
The harmonized method for persons living in the United States was used to define the 5 metabolic syndrome factors. 4 The categorical cut points for determining each metabolic syndrome factor were (a) waist circumference of 102 cm or greater for men and 88 cm or greater for women, (b) elevated triglycerides of 150 mg/dL (1.7 mmol/L) or greater or drug treatment for elevated triglycerides, (c) high-density lipids of 40 mg/dL (1.0 mmol/L) or less in men and 50 mg/dL (1.3 mmol/L) or less in women or drug treatment for low/high-density lipids, (d) fasting glucose greater than 100 mg/dL or diagnosis of type 2 diabetes or drug treatment, and (e) systolic blood pressure of 130 mmHg or higher and/or diastolic pressure of 85 mmHg or higher or drug treatment for hypertension. 4 Participants are categorized as having metabolic syndrome if they have 3 of the 5 factors. Waist circumference and blood pressure were measured using standardized protocols by trained personnel at baseline and 1 year. 25 Fasting blood serum samples were used to measure triglycerides, high-density lipids, low-density lipids, and fasting glucose.
Lifestyle Exercise
Although heart rate has been shown to be affected by temperature, humidity, training, fatigue, and hydration, there is a clear association between heart rate and intensity of exercise 27Y29 ; thus, heart rate monitors are valid indicators of exercise. Lifestyle exercise was measured using Polar RS400 portable heart rate monitors (Polar Electro Inc, Lake Success, New York). These monitors were selected because of their ability to capture more types of exercise than accelerometers (such as swimmingVa common form of exercise used by this population). This wristwatch monitor provides valid and reproducible exercise data, with high correlation with electrocardiogram data.
27Y29 Correlation coefficients of 0.97 27 to 0.99 28 have been found over all heart rates up to 200 per minute. In addition, the validity of the computer files (memory) has been compared with heart rate as taken by electrocardiogram, with 100% agreement. 28 Stability has been determined based on the number of doubtful and unrealistic cases. Leger and Thievierge 28 found 0.1% unrealistic case (G2% unrealistic cases were considered to comprise reliable data). In the current study, less than 1% of the heart rate recordings contained unrealistic data.
Monitors (wristwatches and a chest receiver) were worn during each exercise session. Heart rate was recorded at 15-second intervals. The number of minutes exercised was calculated as the total number of 15-second intervals containing an elevated heart rate, during which the heart rate rose from the monitor baseline heart rate in an exercise session of at least 10 minutes in length.
Resting heart rate and target heart rate were calculated for all subjects after cardiac rehabilitation using the Karvonen system (peak heart rate -resting heart rate) Â Training Intensity (expressed as a decimal) + resting heart rate, 30 in which 60% to 80% of the maximum heart rate constitutes the training intensity. The Karvonen method has been shown to adequately determine target heart rate for healthy persons and postinfarction and postYcoronary artery bypass graft patients, 30 as well as for patients who are taking "-blockers, calcium channel blockers, or other medications known to reduce resting heart rate and attenuate heart rate response to exercise. 30 In the current study, 88% of the participants took medications that attenuate heart rate. Because this high rate of heart rate-attenuating medications was expected in the sample, we opted not to exclude them from the study but rather to apply an exercise intensity zone for them that was appropriate. Medications that might affect heart rate, in particular, heart rateattenuating medications such as "-blockers, were monitored during the study period. Although heart rate is lower in persons using "-blockers, the maximal oxygen consumption and rate-perceived exertion do not appear significantly affected. 30 Therefore, the method used to calculate the exercise prescription using the heart rate response is not changed because the patient is taking "-blockers. During periods when medications were changed, patients continued to exercise to their assigned rating of perceived exertion established at the end of their cardiac rehabilitation program until the new dose of medication was equilibrated and a new target heart rate was established.
Patients having pacemakers and automatic implantable cardio-defibrillators also were included in the study because these patients can participate safely in exercise and show improved functional capacity as a result of exercise. 31 The accuracy of each heart rate monitor was checked by the project staff before use by comparing the recorded heart rate of the staff member with a simultaneous electrocardiogram reading. Using a mailing system, subjects returned their monitors monthly to the study team after a new monitor was sent to their homes. Exercise amount consisted of the sum of the minutes of each exercise session over the study year. Subjects also kept activity diaries. Diary data were added to monitor data if a subject forgot to put on the monitor or there was monitor malfunction. Less than 4% of the exercise data were obtained from the exercise diaries. There were no gaps between monthly mailings because we had a sufficient overlap in our mailing weeks and we delivered and picked up the monitors from subjects' homes if necessary. If subjects did not have monitor data or diary data for a given day, they were considered in the analysis as having done no exercise for that period. Subjects also recorded in the activity diaries changes in medications that could potentially affect heart rate.
Demographic and Covariate Predictor Variables
A set of covariates were measured including age, gender, race, employment status, diabetes status, and functional status. Each of these variables were selected based on their known association with either metabolic syndrome or one or more of the metabolic syndrome factors. Age, gender, race, and employment status were obtained by subject self-report. Functional status was measured using the 6-minute work test, 32 which considers body weight into the 6-minute walk test 33 to improve the prediction of VO 2 max. The 6-minute work 34 test has been found to be highly correlated with laboratory measures of oxygen uptake during exercise with good reproducibility 34, 35 and is an improved measure of the 6-minute walk test. Diabetes status was measured using subject self-report, followed by verification by medical record review (formal diagnosis and medication review).
Statistical Analysis
The metabolic syndrome and lifestyle exercise data were extracted and confirmed by running frequency analyses and cross-tabulations. Baseline characteristics including age, gender, race, education, employment, New York Heart Association classifications, and comorbidities were summarized using descriptive statistics. Summary statistics of metabolic syndrome profile(s) and amount of exercise at baseline and 12 months using mean, standard deviation, and range were also calculated. The metabolic syndrome factor status change from baseline to 1 year was categorized into 2 groups: (a) individuals with the same or more metabolic syndrome factors were labeled as the notimproved group, and (b) individuals with at least 1 fewer metabolic syndrome factor were labeled as the improved group. Thus, the primary outcome variable was the binary metabolic syndrome factor status changeV''yes'' for improved and ''no'' for not improved.
A binary exercise variable (the primary predictors of interest) was created based on recommended exercise levels. Subjects who met the minimum recommendation of 130 hours of exercise or greater during the 12-month study period were labeled as ''yes,'' and those who did not meet the recommended exercise levels were labeled as ''no.'' We studied the association between the change in metabolic syndrome factors and the recommended exercise level, while controlling for confounding factors of age, gender, race, baseline metabolic syndrome, diabetes, functionality, and employment using binary logistic regression analysis. In the final adjusted logistic model for the association between the change in metabolic syndrome factors and the recommended exercise level, we again controlled for the confounding variables. All the statistical analyses were performed using Stata 13.0. 36 
Results
One hundred sixteen participants completed anthropometric, serum, and accelerometer data. Of the total sample, 28% (n = 33) improved their metabolic syndrome profile at the end of the study year. Participants exercised a mean (SD) of 141.1 (94.6; range, 0Y501.9) hours over the study year, with those in the improved group exercising a mean (SD) of 164.8 (94.9; range, 15.6Y444.5) hours and those in the unimproved group exercising a mean (SD) of 131.6 (93.3; range, 0Y500.9) hours. Forty-four percent of participants met the recommended exercise guideline of at least 130 hours or greater over a year. Of those participants who improved their metabolic syndrome profile, 60.6% (n = 20) met the minimum requirement of exercise for the year. In the unimproved group, 37.4% met the exercise guidelines. There was a statistically significant difference between the improved and unimproved groups (P = .02). Baseline characteristics of the subjects are presented in Table 1 . Most of the participants were white men and of New York Heart Association class I. Most of the participants were unemployed, hypertensive, and taking heart rate-attenuating medications. At baseline, at least one-quarter of the participants had comorbid conditions. Table 2 describes the metabolic syndrome profile of the sample at baseline and a year after cardiac rehabilitation. In the total sample, the average number of metabolic syndrome factors was relatively stable over the study year. The average number of metabolic syndrome factors in the improved group was greater at baseline than the not-improved group. The unadjusted (Table 3) and adjusted (Table 4 ) logistic regression analyses show that lifestyle exercise, baseline metabolic syndrome, diabetes, and employment were associated (P G .05) with improvement in metabolic syndrome profile. Subjects who exercised 130 hours or greater over the study year (minimum recommended amount of exercise) were 3.6 times more likely to reduce their number of metabolic syndrome factors by at least one (95% confidence interval [CI], 1.2Y10.5) as compared with participants who did not exercise at the recommended amount. In the improved group, highdensity lipoprotein was increased in 72% of the participants and each of the waist circumference and glucose was reduced in 60.6% of the participants (Table 5) . Few participants had reductions in blood pressure.
Factors other than exercise that predicted a change in metabolic syndrome factors included employment and type II diabetes. For the employed subjects, the odds of reducing metabolic syndrome factors by at least one were 2.4 (95% CI, 1.5Y5.5) times higher compared with unemployed participants. The employed group was younger and had fewer chronic conditions than the unemployed group (P e .01 and P = .05, respectively). Participants with diabetes were less likely to reduce their metabolic syndrome factors (odds ratio, 0.2; 95% CI, 0.1Y0.8), compared with nondiabetic subjects. Age, gender, race, and functional capacity were not significantly associated with an improvement in the number of metabolic syndrome factors.
Discussion
Metabolic syndrome is a significant problem that is often undertreated in older adults. 20 Findings from our study indicate that older adults who participate in exercise at the minimum recommended amount in the year after completion of a C-reactive protein are considerably more likely to improve at least 1 metabolic syndrome factor. In addition to the findings of other studies that showed that physical activity and supervised exercise improve metabolic syndrome profiles in older adults, our study provides the first information about the influence of lifestyle exercise Abbreviations: HR, heart rate; NYHA, New York Heart Association.
on metabolic syndrome factors in older adults after a cardiac event.
Engaging in the recommended amount of lifestyle exercise statistically improved the high-density lipoprotein levels of participants in our study. Higher high-density lipoprotein results in a lower risk of cardiovascular disease and stroke, both of which are significant causes of disability and death among older adults.
1 Furthermore, high-density lipoprotein is an antioxidant, is anti-inflammatory, and improves glucose metabolism in skeletal muscles for overall cardiovascular health. 37 The improvements are statistically significant but do not indicate clinical significance. Our study statistically supports the benefits of lifestyle exercise for older adults after a cardiac event through improvement in metabolic syndrome, a risk factor for cardiovascular disease.
Persons with type II diabetes are at the greatest danger of cardiovascular disease from metabolic syndrome factors than persons without diabetes. 22, 38 Exercise at the recommended amount has been shown to improve insulin response to glucose. 17, 39 In our study, we demonstrated that most participants who changed their metabolic syndrome profile improved their glucose level 1 year after cardiac rehabilitation. Reduction in only 1 metabolic syndrome risk factor leads to lower adjusted risk for cardiovascular disease. In data combined from the Jackson Heart Study and the Atherosclerosis Risk in Communities Study, achieving target blood pressure, A1c, or low-density lipoprotein cholesterol decreased the risk of cardiovascular events by 36%.
33Y43 Employment status of the participants reduced the risk of metabolic syndrome factors. This in part may have been because the employed participants were younger and had fewer chronic conditions than the unemployed participants. A reduction in metabolic syndrome has also been seen in other studies of postmenopausal women. 44 In our study, there was little improvement in systolic or diastolic blood pressure. Mostly, participants were treated with antihypertensive medications and began the study with a lower baseline blood pressure. The intensity and type of exercise may influence blood pressure. For example, isometric exercise (a form of strength training), as compared with aerobic, has shown greater reduction in systolic and diastolic blood pressure. 42, 43 Limited knowledge exists on the effects of sustaining exercise after cardiac rehabilitation and metabolic syndrome factor improvement. Findings from our study statistically support the benefits of ongoing exercise after cardiac rehabilitation in older adults. Healthcare professionals working in cardiac rehabilitation can use the results from this study to educate older adult participants on the long-term benefits of lifestyle exercise after discharge from the program. However, challenges remain in the uptake of cardiac rehabilitation after a cardiac event, with less than 30% of the patients attending a C-reactive protein after a cardiac event. 45 The findings of this study should be considered in light of the study limitations. Although the improvements in metabolic syndrome profile were statistically significant, we were unable to support the clinical significance of these changes in this sample. As a secondary analysis, the factors assessed were restricted to those in the original study. The addition of other factors that could have improved this assessment of the extent to which lifestyle exercise improves metabolic syndrome factors would include the length of time an individual had the factors before this assessment, family history of the respective metabolic syndrome factors, and consideration of the pattern of exercise over the study year. This study also lacked broad diversity in characteristics such as age, education, and ethnicity, and therefore extrapolation to other populations should be done with caution. The limitations of our study present future opportunities. The effects of lifestyle exercise on metabolic syndrome should be examined in patients who do not attend cardiac rehabilitation, women, and minorities. 41, 45 In addition, more research is needed to examine the dose effect of lifestyle exercise on metabolic syndrome in patients who cannot perform the recommended amount of exercise, such as frail older adults with multiple comorbidities.
Conclusion
Metabolic syndrome has been shown to increase the risk of cardiovascular disease and other adverse health outcomes in older adults. Our study shows that lifestyle exercise at the recommended amount or greater can improve metabolic syndrome profile, with changes occurring in high-density lipoprotein cholesterol, waist circumference, and glucose level. These study results are important to influence our nonpharmacological treatment recommendations of consistent lifestyle exercise and its benefits to reduce metabolic syndrome factors among older adults. This is particularly important for patients who have already had a cardiac event and are at an increased risk of another event.
What's New and Important h Sustained lifestyle exercise at the recommended amount or greater can improve metabolic syndrome profile 1 year after cardiac rehabilitation program. h Compared with unemployed participants, employed subjects were 2.4 (95% CI, 1.5Y5.5) times more likely to reduce their odds of the metabolic syndrome factors by at least one. h The most common metabolic syndrome factors that improved were high-density lipoprotein cholesterol, waist circumference, and glucose. 
